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HYDRATION AND CAUBRATION SOLUTION 

FOR HYDRATING AND CAUBRATING 
A STERIMZABLE FIBER-OPTIC CATHETER 
This application is a continuation-in-part of 07/324,187, fUed April 14, 1989, 
R the benefit of the filing date of which is hereby claimed under 35 U.S.C. S 120. 

Technical Field 

This invention relates to methods of calibration of medical devices 
consisting of hydratable sensor components. 

Background of the Invention 

in Packages for and methods of packaging medical devices are numerous. The 

choice of method for packaging a device depends in part on the intended use of 
the device. Factors include whether the device is used in a sterile environment, 
whether the device is used in contact with or inserted into a living animal, 
whether the device is disposable, etc. Certain devices must be sterilized prior to 

1 5 use. One known method for packaging a sterile device is to first insert the device 
into a gas-impermeable wrap. The interior of the wrap, including the device, is 
then sterilized. The wrap is then sealed so that the device remains sterilized until 
the package is opened just prior to use. Once the package is opened, a minimum 
amount of handling is desirable to avoid the possibility of contaminating the 

20 device. 

Certain medical devices ad«tionally require calibration prior to use. 
Medical devices that monitor analyte leveU, temperature, etc., often include 
chemical or electrical sensing components that are very sensitive to temperature, 
moisture, etc. These devices are generally used in conjunction with monitoring 
25 instrumentation that controls and records the monitoring process. For example, a 
medical device may be connected to a computerized controller which initiates and 
transmits an electrical or optical signal to the device, receives a resultant signal 
from the device, and analyzes the resultant signal to produce a value indicative of 
the measured characteristic. 
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•One common way of caUbrating a medical device used for monitoring 
analyte concentrations is to immerse the sensing component of the device into a 
calibration solution containing a Itnown amount of the targeted analyte. Base 
measurement levels are recorded in accordance with the Icnown amount of the 
5 analyte. Such calibration solutions must be highly uniform to provide consistent 
and useful results in the calibration process. The solutions are typically unstable 
and are only prepared as needed or prepackaged in glass ampules. Glass ampules 
require especiaUy careful handling during the calibration process to avoid 
breakage. Shelf life problems, e.g., change of chemistry, separation, etc., may be 
10 encountered with prepackaged solutions that are stored over a period of time prior 
to use. Conventional calibration procedures are time-consuming, costly, subject 
the device to possible contamination, and often require the presence of a trained 
technician to oversee the process. Additionally, if a calibratable device is to be 
stored over a period of time, the device is most easily stored in a dry state to 
15 avoid problems arising from the storage of a moist device. Bringing the sensing 
component of the device from a dry to a functional state often requires hydrating 
the sensing component over an extended period of time. 

When a device must be sterilized as well as calibrated, additional problems 
arise due to the fact that the sterilization and calibration procedures are often 
incompatible. For example, one common method of sterilizing a medical device is 
to expose the device to ethylene oxide (ETO). The ETO procedure is carried out in 
a non-Uquid, i.e., dry, environment. This dry state renders the sensing component 
of the device completely nonfunctional if the component is meant to operate in a 
moist environment. In contrast, as discussed above, the common method of 
25 calibrating such a device is to immerse the device in a calibration solution. Thus, 
an ETO sterilization procedure and a moist calibration procedure must be distinct 
phases in the preparation of the device. 

In recent years, optical fiber sensors, also known as optrodes, have been 
developed to detect the presence of and to continuously monitor the concentration 
30 of various analytes, including oxygen, carbon dioxide, glucose, inorganic ions, and 
hydrogen ions, in solutions. An example of such a sensor is a blood gas sensor for 
monitoring pH, pCOg, or pOj. Such a blood gas sensor is based on the recognized 
phenomenon that the absorbance or luminescence of certain indicator molecules is 
specificaUy perturbed in the presence of certain analytes. The perturbation in the 
35 absorbance and/or luminescence prof Ue is detected by monitoring radiation that is 
reflected or emitted by tbe indicator molecule when it is in the presence of a 
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specif ic analyte. The targeted analyte is generaUy a part of a solution containing 

a variety of analytes. 

Optrodes have been developed that position an analyte-sensltive indicator 
molecule in the light path at the end of one or more optical fibers. This fiber unit 

5 is often termed the sensor component. The sensor component is an integral part 
of a blood gas catheter. The indicator molecule is typically housed in a sealed 
chamber at the end of the fiber(s). The chamber is secured to the optical fiber by 
a suitable cement material. The walls of the chamber are permeable to the 
analyte. The sensor component is inserted into and left in a patient for an 

10 extended period of time. Analyte readings in the form of optical signals are 
transmitted from the sensor component to monitoring instrumentation which 
analyzes the signals and controls the monitoring process. 

The sensor component in a blood gas catheter thus typically includes a 
membrane material, an analyte sensing material, an optical fiber, and a cement. 

1R Each element is chosen to be compatible with the other elements and with the 
monitoring process, hi order to monitor a specific analyte, the sensor component 
is sterilized and then brought to a functional state in which the catheter sensor is 
responsive to the targeted analyte. Additionally, the monitoring instrumentation 
is calibrated in conjunction with the specific catheter prior to use. A traditional 

20 method for calibrating the monitoring instrumentation involves immersing the 
catheter sensor component in a calibration solution that has been pre-calibrated 
to a given set of values, confirmed using a separate calibration instrument such as 
a blood gas analyzer. If the catheter is subject to the above-described ETO 
sterilization and packaging process, the analyte sensing material of the sensor is 

25 completely dried and is not in proper chemical balance to carry out the monitoring 
process. Thus, the sensor must be hydrated and calibrated prior to use. If the 
traditional calibration method described above is carried out, the catheter is 
exposed and may be contaminated. It is also undesirable for a user to maintain a 
Uood gas analyzer for confirming the calibration of a blood gas catheter. Thus, it 

30 would be highly desirable to be able to supply a user with a sterile calibration 
solution and a procedure for using that solution to achieve more than one pre- 
determined calibration value that can be routinely applied without the 
requirement for confirming the calibration values in a blood gas analyzer. 
Further, it would be desirable if: a) the pH of this calibration solution in its 
35 paclcaged form be non-deleterious to the a sensor component stored in the 
solution; b) the calibration solution was buffered to offset any environmental 
contaminants that might alter the pH; and, e) if the pH could be brought within 
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the desired range of pH wlttin a reasonable period of time such that the user is 
not required to wait an inordinate amount of time before commencing use of the 
Uood gas catheter. It would be further advantageous if the calibration solution 
could be used for hydrating, as well as calibrating, the sensor component of the 

B blood gas catheter. 

The package, calibration solution, packaging, and calibration method in the 
present invention overcomes these and other problems in the prior art. 

Summary of the hivention 
The present invention provides a method of hydrating a sensor membrane and 
10 calibrating the sensor component and monitoring instrumentation of a fiber optic 
catheter useful for measuring at least one analyte other than chloride in a 
physiological mUieu to determine pH, pOj or pCOg and this is accomplished 
without a requirement for additional calibration instrumentation. The method 
involves hydrating and calibrating the sensor membrane in a preparation solution 
1 5 that includes an amount of an anion that is substantially equivalent to the level of 
the predominant anion at the point of use, i.e., in the composition of the 
physiological milieu including the targeted analyte. The predominant anion is 
different from the targeted analyte. The inclusion of the predominant anion in 
the preparation/calibration solution reduces the ionic gradient across the 
membrane and reduces measurement errors that result from evaporative loss of 
water from the preparation/calibration solution. The solution aUows a blood gas 
catheter to be calibrated immediately prior to use without the need for 
calibration instrumentation, e.g., a blood gas analyzer. 

The invention provides a user with a sterile caUbration solution and a 
25 procedure for using that solution to achieve more than one pre-deter mined 
calibration value. This is accomplished by gassing the solution under controUed 
atmospheric conditions so that the desired calibration values can routinely 
achieved without the requirement for confirming the calibration values in a Wood 
gas analyzer. Further, the invention provides that: a) the pH of the preparation 
solution in its packaged form is not deleterious to a sensor component stored in 
the solution; b) the calibration solution is buffered to offset any environmental 
contaminants that might alter tiie pH, i.e., such as ETO residual compounds 
created during ETO sterilization procedures; and, c) the pH, although weU 
buffered, can stiU be gassed to the desired range of pH within a reasonable period 
of time such for a user. The preparation solution can also be used for hydrating, 
as well as calibrating, the sensor component of the blood gas catheter. 


20 


30 
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A further aspect of the present invention is a kit for hydrating a sensor 
membrane of a fiber optic sensor membrane of a fiber-optic catheter for 
measuring pH, or pCOj. The kit includes a sensor membrane, the 

preparation/calibration solution, and the instructions for hydrating and calibrating 
5 the sensor membrane of the fiber-optic catheter. 

Brief Description of the Drawings 
FIGURE 1 is an exploded isometric view of a package in accordance with the 
present invention; 

FIGURE 2 is a top perspective view of a package in accordance with the 

10 present invention; 

FIGURE 3 is an exploded isometric view of a solution reservoir in 

accordance with the present invention; 

FIGURE 4 is a top perspective view of a manifold in accordance with the 

present invention; 

15 FIGURE 5 is a top perspective view of a package in accordance with the 

present invention with the instrumentation cable of the medical device and the 
calibration tube of the package exposed in order to calibrate the medical device; 
and, 

FIGURE 6 is a top perspective view of a medical device sealed in the inner 
?.n wrap of a package including sterilizable calibration solution reservoirs in 
accordance with the present invention. 

FIGURE 7 graphically represents the increase in apparent pH recorded by a 
blood gas analyzer in different concentrations of a "defective" calibration 
solution, i.e., made up to mimic a pH 7.2 solution that has undergone evaporative 
25 loss and thus has experienced an increase in the buffer concentration. 

FIGURE 8 is a graph that shows the increase in apparent pH recorded by a 
blood gas analyzer in different concentrations of a "defective" calibration 
solution, i.e., made up to mimic a pH 7.6 solution that has undergone evaporative 
loss and thus has experienced an increase in the buffer concentration. 
30 FIGURE 9 depicts in graphic fasMon the pH error resulting from 

equttibratlng and calibrating a probe sensor component in "defective" calibration 
solutions containing a predominant anion in the solution to compensate for 
changes in the buffer composition, c.g., those that might occur during ETO 
sterilization or evaporation of the solution. 
35 FIGURE 10 is a graph, which depicts the lack of pCOg error resulting from 

equUibrating and calibrating a probe sensor in "defective" calibration solutions 
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containing a predominant anion to compensate for changes in the buffer 
composition. 

FIGURE 11 is a graph which depicts the lack of pOg error resulting from 
equilibrating and calibrating a probe sensor in "defective" calibration solutions 
5 containing a predominant anion to compensate for changes in the buffer 
composition. 

Detailed Deseriotion of the Pref erred Embodiments 
With reference to FIGURE 1, one preferred embodiment of package 10 
includes manifold 12, plumbing 14, inner wrap 16, and outer wrap 18. The 
10 manifold includes deposit reservoir 20, hydration reservoir 22, and flap 24. The 
deposit reservoir 20 and hydration reservoir 22 are connected to a medical device 
such as catheter 30 by plumbing 14. The plumbing is connected to the catheter at 
the sensor component 32 which includes the analyte sensing components of the 
catheter. The sensor component may also include a temperature measuring 
15 component. The sensor component 32 is disposed within the plumbing. The 
catheter also includes one or more instrumentation cables 34 which ultimately 
connect the catheter 30 to the remainder of the medical monitoring device (not 
shown). The sensor component extends from the cable 34. At the sensor-cable 
connecting point, a cable flange (not shown) extends radially from the cable. 

The plumbing 14 includes hydration tube 40, flush tube 42, calibration 
tube 44, delivery device 46, sterilization tubes 48, stopcocks 50a and 50b, gas 
filter 51, and directional valve 52. Preferably, all of the tubing in plumbing 14 is 
polyvinyl chloride (PVC) tubing. Such tubing is easy to handle and is sUghUy gas- 
permeable over an extended period of time. 

The stopcocks 50 are three-way adjustable valves. The settings of the 
stopcocks are manually adjustable and are easily manipulated through the 
packaging materials. The stopcocks are used to control the flow of solution 
through the plumbing. Caps 53a and 53b overlay the stopcocks in order to protect 
the packaging material from damage caused by protrusions on the stopcocks. 

Hydration tube 40 is in full commuideation with hydration reservoir 22, a 
sterilization tube 48, and stopcock 50a. Flush tube 42 is in full communication 
with the deposit reservoir 20, a sterUization tube 48, and directional valve 52. 
Directional valve 52 allows solution to flow through flush tube 42 into the deposit 
reservoir and prevents solution flow in the opposite direction. Calibration tube 44 
35 is in fuU communication with filter 54 and stopcock 50a. FUter 54 is preferably a 
hydrophobic filter through which gaseous solutions freely pass and which prevents 
the passage of liquid solutions. 


20 


25 


30 
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Delivery device 46 includes catheter tube 57, joint 58 and connect tube 59. 
One end of catheter tube 57 is connected to stopcock 50a. The other end of the 
catheter tube is connected to joint 58. Joint 58 connects catheter tube 57, 
connect tube 59 and cable 34. The connect tube is connected to stopcock 50b. 
5 The joint provides fluid communication between the catheter tube and the connect 
tube. Delivery device 46 is preferably used to deliver the sensor component to the 
patient, i.e., the delivery device is an integral component of the blood gas 
catheter. Thus, the materials used for delivery device 46 are compatible with the 
packaging procedure as weU as with the blood gas monitoring procedure. 
10 The sensor component extends from cable 34, through joint 58 and into 

catheter tube 57. The joint Includes a ring seal (not shown) through which the 
sensor component extends and against which the cable flange is pressed. The ring 
seal and flange prevent the flow of solution from the joint to the cable. The 
position of the cable and sensor component relative to the joint is fixed by a 
15 suitable attachment mechanism such as a nut screwed over the joint and against 
• the flange. In this manner, any fluid flowing between stopcock SOa and 50b passes 
over the sensor component. • 

Stopcock 50b is connected to filter 51 and directional valve 52. Filter 51 is 
preferably a hydrophobic fUter through which gaseous solutions freely pass and 
20 . which prevents the passage of liquid solutions. 

The plumbing establishes gaseous communication between the sensing 
component and the plumbing ambient environment by means of sterilization 
tubes 48, filter 51, and filter 54. The plumbing also establishes liquid 
communication between the manifold reservoirs and the sensor component by 
25 hydration tube 40, delivery device 46, and flush tube 42. 

Inner wrap 16 includes sides 60a and 60b. Side 60a includes fUter 61 along 
one edge. The fUter 61 is preferably a bacterial retentive hydrophobic filter. An 
exemplary fUter 61 is a fibrous paper-like membrane manufactured by 
E. L DuPont de Nemours & Co. and referred to by the trademark TYVEK. The 
30 fttter aUows gas exchange between the interior and exterior of inner wrap 16 when 
the wrap is otherwise sealed in a gas-impermeable manner. The remainder of the 
material of aide 60a is preferably clear so that the packaging is easily viewable 
therethrough. The material is also relatively thin and flexible so that the 
adjustments to the packaging, e.g., the stopcocks, are easily carried out through 
'^5 the wrap. 

During the packaging process, catheter 30 is steriUzed dry, and then 
hydrated and prepared for caUbration. With reference to FIGURE 2, hydration 
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reservoir 22 and deposit reservoir 20 are connected to catheter 30 at sensor 
component 32 by plumbing 14. These components are placed between the 
aides 60a and 60b of inner wrap 16 and the outside edges of the inner wrap are 
completely sealed by edge seals 55. Flap 24 of the manifold is caught between the 

5 edge seals to secure the position of manifold 12 within inner wrap 16. 
Additionally, seal 56 preferably secures the position of catheter 30 within the 
inner wrap by securing the gathered cable 34. The manifold 12 and catheter 30 
are positioned within the inner wrap so that plumbing 14 is and remains mitangled 
relative to the catheter, and so that access to fUter 61 is not blocked. Once the 

10 inner wrap edges are sealed, filter 61 is the only means of gaseous communication 
between the interior and the exterior of the wrap. 

Prior to the sterilization process, stopcocks 50 are open so that the lumens 
of the hydration tube, calibration tube, catheter tube, connect tube, and flush 
tube are all in fluid communication. In order to sterilize the catheter, sealed 

15 inner wrap 16 functions as a breather bag. The wrap is simply a gas-permeable 
container which acts to keep the gaseous environment within it free from bacteria 
and germs. A sterUizing gaseous solution, preferably ethylene oxide (ETO), is 
- pumped into imier wrap 16 through filter 61. This is performed by pressurizing the 
atmosphere surrounding imier wrap 16. The ETO flows freely over catheter 30, 

20 plumbing 14 and manifold 12. Additionally, the ETO flows into plumbing 14 
through steriUzation tubes 48, fUter 51, and fUter 54. In this manner, sensor 
component 32 and the interior smrfaces of the plumbing and the manifold are 
sterilized. After sterilization, the ETO is outgassed from imier wrap 16 by 
allowing the imier wrap to stand and the ETO to dissipate in a controUed 

?5 environment. 

Preferably, all surfaces and passageways of manifold 12, plumbing 14, and 
catheter 30 are sterilized during the ETO procedure. Certain joints and 
attachments in plumbing 14 may be so tight that they are essentially ETO 
impermeable and therefore hinder or restrict access of ETO. These Joints and 
attachments are loosened prior to the sterUization procedmre and are tightened 

Immediately thereafter. 

After sterlUzation, sterUization tubes 48 are sealed with seals 62 (shown m 
reference). Preferably, tubes 48 are sealed by a radio frequency (RF) seahng 
techmque. This technique affects a heat seal without affecting the integrity of 
inner wrap 16. After seals 62 are in place, the only points of entry remaining m 
plumbing 14 are through manifold 12 via hydration tube 40 and flush tube 42. 
fUterSl, or through f Uter 54. Alternatively, steriUzatlon tubes 48 include 


30 


35 
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f Uters 64 (shown in reference). Filters 64 are preferably hydrophobie filters which 
allow gaseous solutions to pass freely through, but liquid solutions, such as the 
hydration solution, are not allowed to pass through. If such filters are used, the 
sterUization tubes 48 do not require sealing after the sterilization process. 

5 During the foregoing ETO sterilization procedure, the surfaces exposed to 

the ETO are completely dried. Thus, sensor component 32 is rendered 
nonfunctional since it operates in a moist environment. Sensor component 32 
must be hydrated after sterilization and prior to use. Manifold 12 and plumbing 14 
are used to hydrate the sensor component without removing it from its sterile 

10 environment witWn inner wrap 16. 

In order to hydrate sensor component 32 within the sterile environment of 
inner wrap 16, a hydration solution is included within the inner wrap. The 
hydration solution is held and protected throughout the sterilization procedure in 
hydration reservoir 22. After sterUization, the hydration solution is released froni 

15 hydration reservoir 22, Manifold 12, in conjunction with plumbing 14, delivers the 
hydration solution to sensor component 32 which is the portion of catheter 30 
which requires hydration to be functional. The remainder of the catheter is 

maintained in a dry state. 

With reference to FIGURE 3, one preferred hydration reservoir 22 includes 

PX) rupture plate 68, container 70, and outer envelope 72. Container 70 is suitable for 
holding a liquid such as a hydration solution or calibration solution. Container 70 
protects the solution from contact with the ETO which is highly toxic. The 
container material is impermeable to ETO and is capable of withstanding" the 
pressure and temperature changes that occur during a standard ETO sterilization 

25 process. In this manner, the solution is maintained in a sterile and nonpyrogenic 
state. Additionally, the container material is rupturable by mechanical pressure 
as wiU be discussed below. One suitable material for container 70 is foU- 
polypropylene laminated film. 

Rupture plate 68 is preferably made up of a relatively rigid material. The 

30 plate is fUt and corresponds in surface area to the surface of container 70. The 
rupture plate includes point 74 which, under adequate mechanical pressure, turns 
downwardly towards container 70 to rupture the container. The rupturing position 
is shown in reference. 

With reference to FIGURE 4, outer envelope 72 is formed about container 70 

35 and rupture plate 68 so that there is adequate room within the envelope for the 
solution to flow from the container into the envelope and to hydration tube 40. 
Envelope 72 and deposit reservoir 20 are preferably made from two pieces of 
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material that are connected by seals 73 (shown in reference) so that deposit 
reservoir 20, envelope 72, and flap 24 are formed. Container 70 is configured so 
that the container does not block the hydration tube when sealed within 
envelope 72. Flat edges 77 along the perimeter of container 70 aid in this 
5 positioning. Hydration tube 40 and flush tube 42 are sealed in communieatmg 
relationship with the interior of envelope 72 and the interior of deposit 
reservoir 20, respectively. 

Referring again to FIGURE 2, in order to hydrate sensor component 32, 
stopcock 50a is adjusted so that the fluid path between hydration tube 40 and 

10 catheter tube 57 is open. Stopcock 50b is adjusted so that the fluid path between 
comiect tube 59 and valve 52 is open. Container 70 is ruptured as discussed 
above. The contents of the container are forced into envelope 72 by applying 
uniform pressure to rupture plate 68 against the container. The hydration solution 
flows through envelope 72 and hydration tube 40 to delivery device 46. Once the 

15 delivery device is filled with hydration solution, stopcocks 50a and 50b are 
adjusted in order to close off the delivery device thereby securing the solution 
over sensor component 32. The solution is held there in order to adequately 
hydrate the sensor component. Preferably, some of the hydration solution is held 
in the delivery device during the storage period, i.e., until calibration takes 

20 place. In this manner, sensor component 32 is held in a hydrated state during the 
storage period. 

Preferably, the hydration fluid contains a chemical composition the same or 
very close to the composition contained in the initial calibration solution to be 
vsed with the device. Each solution content is highly sensor specific. The 

25 hydration solution may be formulated to also act as a calibration solution and be 
used to establish a first calibration point of the sensor component, e.g., by 
equilibrating the hydration-calibration solution with gases at levels appropriate 
for calibration of the specific analyte sensor in sensor component 32. 

After sensor hydration has taken place, catheter 30 is preferably incubated 

30 to aid in returning the catheter to a functional state, and to stabQize the sensor 
component chemistry. Sensor component 32 is incubated in the hydration solution 
that is held withhi catheter tube 57. To ensure the chemical balance of the 
solution Is held constant, the package Itself is tacubated in a gas controlled 
environment, hmer wrap 16 is placed in a gas-impermeable container and flushed 

?5 with a gaseous solution. The gaseous solution in which the inner wrapper and 
contents are incubated has chemical characteristics that are essentially the same 
as those of the dissolved gases in the hydration solution. The gaseous solution is 
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also pre-equilibrated with water, i.e., the solution is hydrated. This characteristic 
of the gaseous solution prevents the solution from drawing the water off of the 
hydration solution held within delivery device 46. The gaseous solution passes 
through filter 61 into the interior of the inner wrap. Because of this controUed 

R environment external to plumbing 14, no change in the chemical composition of 
the hydration solution will be affected due to the slight gas-permeabUity of 
delivery device 46. The dissolved gases in the hydration solution are thus 
maintained at the desired level. The time period, temperature, and gaseous 
composition for incubation are highly dependent on the sensor component 
10 elements and intended use. 

For storage purposes, the gas-permeable portions of inner wrap 16 are sealed 
off. Preferably, the wrap is placed within outer wrap 18. The outer wrap is gas- 
impermeable and acts to seal the inner wrap gas-permeable sections including 
filter 61. Outer wrap 18 creates a constant gaseous environment surrounding 

1 5 catheter tube 57 and sensor component 32. A gaseous solution is pumped into the 
outer wrap and passes into inner wrap 16 through fUter 61. The gaseous solution 
preferably has similar chemical characteristics to the incubation solution and the 
hydration solution. Again, the controlled environment ensures that the 
composition of gases dissolved in the hydration solution will not be altered by 

20 gaseous exchange through the delivery device. In this manner, the chemical 
composition of the hydration solution hi the delivery device is maintained at a 
constant level throughout the storage period. Prior to use, depending upon the 
specific sensor component, it may be preferable to again incubate the entire 
package to further enhance the response of the sensor component. 

2S With reference to FIGURE 5, calibration tube 44 and cable 34 are removed 

from both inner wrap 16 and outer wrap 18 at a point remote from the sensor 
component 32. The cables are connected to monitoring instrumentation (not 
shown). In this manner, the readings obtained by the catheter 30 are transmitted 
to the monitoring instrumentation. 

30 Preferably, calibration tube 44 is small-bore tubing that has a smaU 

volume. This configuration reduces the amount of fluid that must be displaced 
when one or more calibration solutions are introduced into the plumbing. 

To calibrate the device, two calibration solutions are typically used. Each 
solution contains a predetermined concentration of the targeted analyte. 

35 FUter 54 is removed from calibration tube 44 and an injeetion device (not shown) 
is attached thereto.' A container of calibration solution is attached to the 
injection device. The injection device preferably includes a stopcock. The 
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calibration solution passes from the container through calibration tube 44 and 
stopcock 50a to catheter tube 57 and connect tube 59. Stopcock 50b is set so that 
the solution flows through the stopcock to deposit reservoir 20 until enough 
solution from the deUvery device 46 has been displaced to ensure that all of the 
5 solution held within the delivery device is the first calibration solution. At that 
point, the stopcock on the injection device is closed to hold the calibration 
solution within the delivery device. 

Preferably, the temperatures of the calibration solution and sensor 
component are controlled throughout the calibration process. The temperatures 

10 are brought to and maintained at a temperature substantiaUy equivalent to the 
temperature of the point of use of the sensor component, e.g., body temperature 
for a blood gas catheter. This control ensures that the calibration measurements 
taken are accurate. The temperature of the calibration solution is adjusted while 
the solution is in the container prior to delivery to the sensor component. The 

15 temperature of the wrap and its contents is adjusted by inserting the wrap 
between the sides of a thermal blanket. The wrap remains enveloped by the 
thermal blanket throughout the calibration procedure. In this manner, the sensor 
component is maintained in its clean environment during the calibration 
procedure. If the sensor component includes a temperature sensing component, 

7.0 the temperature sensing component is utnized to provide component temperature 
information. 

Once the caUbration solution is deUvered to the delivery device and the 
temperature of the sensing component stabUized, analyte measurements are taken 
via cables 34. Once the measurements are taken, the injection device stopcock is 

25 opened and a second solution is transmitted to delivery device 46 in a similar 
manner. As an alternative method of retaining the hydration solution within the 
delivery device, stopcocks 50a and 50b are closed to hold the solution 
therebetween while the calibration measurements are taken. 

Once calibration is completed, a parenteral grade saline solution is flushed 

30 through the plumbing to wash out any remaining calibration solution. The solution 
is introduced to the plumbing through caUbration tube 44. The catheter is then 
removed from ttie package by disconnecting the delivery device from the 
remainder of the plumbing. The joints at stopcocks 50a and 50b are disconnected 
and deUvery device 46 and sensor component 32 are removed as a unit. The 

35 remainder of the package is disposed of. 

Since all solutions are flushed into deposit reservoir 20, the reservoir is sized 
so that its capacity is equal to or greater than the total volume of all of the 
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hydration, calibration, and cleaning solutions to be used to prepare the catheter 
for use. 

With reference to HGURE 6, a preferred package embodiment 82 is similar 
to package 10, but includes calibration reservoirs 84a and 84b, each containing a 
5 separate calibration solution, as weU as reservoir 85 containing a hydration 
solution. (Similar components between packages 82 and 10 will be referred to 
with the same reference numbers.) The calibration reservoirs are similar to 
reservoir 22 of package 10. Each reservoir includes a rupture plate 86, a 
container (not shown), and an envelope 90. The plumbing 92 includes calibration 

10 tubes 98a and 98b, sterilization tubes 100a and 100b, and passage tube 102. The 
calibration tubes are connected to the calibration reservoirs along the seals of 
envelopes 90a and 90b. The calibration tubes are connected to passage tube 102 
which is connected to stopcock 104. Stopcock 104 is similar to stopcock 50a. The 
remainder of plumbing 92 is similar to plumbing 14. The package also includes 

15 deposit reservoir 109 sized so as to receive aU of the hydration and calibration 
solutions and any cleaning solutions to be used. 

To prepare catheter 30 for use, an ETO sterUization procedure as described 
above is carried out. Sensor component 32 is then hydrated and incubated. Inner 
wrap 16 is packaged in outer wrap 18 for storage purposes. Prior to use, cables 34 

20 are removed from the inner and outer wraps and connected to monitoring 
instrumentation. Calibration reservoir 84a, including the first calibration 
solution, is ruptured and the solution directed into delivery device 46. The 
stopcocks are adjusted to hold the solution in the delivery device. The 
temperature of the sensor component is controlled as described above. 

25 Calibration measurements are taken when the temperature of the sensor 
component is stabilized and correct. Once the first calibration measurement is 
completed, calibration reservoir 84b, including the second calibration solution, is 
ruptured and the solution directed Into the delivery device. The temperature of 
the sensor component is again stabilized and corrected. The second calibration 

30 point is then established and the catheter is ready for use. 

In each of the above-described embodiments, the sensor component may be 
brought to first calibration point conditions by utilizing a specifically equilibrated 
hydration solution. The hydration solution is equilibrated with a gaseous 
composition equivalent to that used to create the first calibration solution. When 

35 the first calibration point conditions are achieved in this manner, only one 
calibration solution, that corresponding to the second calibration point conditions, 
need be introduced to the sensor component during calibration. This reduces the 
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steps- required to prepare the catheter for use. Similarly, if the package is for a 
medical device that requires the setting of only a single calibration point, then a 
properly equilibrated hydration solution is the only solution necessary to prepare 
the device for use. In. such an instance, the plumbing need not include a 
5 caUbration section for delivering calibration solution to the sensor component. To 
utmze such a device, the instrumentation cables are removed from the packaging 
and connected to monitoring instrumentation. The sensor component is already 
immersed in the hydration solution that acts as the caUbration solution. 
Calibration measurements are Immediately taken and the device is then ready for 
1 0 use* 

As an example of the relationships between the various solutions and the 
sensor component, if a blood gas catheter were to be used to measure pH, pOg and 
pCOo, the buffer formulations for the calibration solutions would be selected to 
control the relationship between pH and pCOz- Calibration solutions are 
15 characterized by their differing PCO2 levels. 

The following solution is a specific example of a calibration solution that is 
suitable for use with the above-described catheter: 
0.916 gramsAiter potassium phosphate; 
3.007 grams/liter sodium phosphate; 
20 6.136 grams/liter sodium chloride; and 

1.848 gramsAiter sodium bicarbonate. 

The solution is a bicarbonate-phosphate buffer which contains 105 mM 
sodium chloride as a predominant anion, which is the sodium chloride level that is 
substantially equivalent to that found in blood. The solution is adjusted with- 
25 carbon dioxide gas and compressed air. or the equivalent oxygen/nitrogen mixtmre, 
to form the hydration and calibration solutions having one, two or more desired 
calibration points. 

m a preferred embodiment, it is desirable that the solution be prepared 
within certain test limits: namely, that the solution (above) as prepared and tested 

30 against a standard solution prior to packaging have a chloride ion concentration 
that falls within a range +/- 3% of the standard solution; sodium ion concentration 
within +/- 5%; and, potassium ion concentration within +/- 5%. 

A suitable time and temperature for Incubation of a blood gas catheter 
sensor component has been found to be at least 7 days at a temperature of 

35 approximately 20«»C. This incubation is adequate to bring the sensor component of 
the catheter to calibration conditions reflected in the amount and type of 
Chemicals included in the gaseous mixture. Prior to use. It Is preferable to again 
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incubate the entire package for approximately 7-14 days (but times of up to 30 
days are also acceptable) at a temperature substantially equivalent to the 
temperature at the point of use. For an in situ blood gas catheter, the 
temperature range for the second incubation is 37°C to 40*»C. The second 

5 incubation has been found to improve the pH response time of the catheter. The 
catheter is then in a state for final calibration and use. 

It has been found that the indusion of sodium chloride in the preparation 
solutions is useful to reduce perturbations in the measuring process that are 
caused by the existence of predominant ions other than the targeted analyte(s) in 

10 the solution being monitored. In blood, sodium chloride is a predominant ionic 
compound that is not monitored by the blood gas catheter of the example. If the 
preparation solutions in which the sensor component is hydrated and calibrated do 
not contain, the chloride component, an ionic gradient is created across the sensor 
component membrane when the sensor component is actually used in blood. This 

15 gradient affects the subsequent monitoring information received from the sensor 
component. The inclusion of a predominant anion compensates for the ionic 
gradient across the sensor component so that "defective" preparation solutions can 
be used to calibrate the sensor component so that it will accurately measure the 
pH in blood. 

20 The term "defective" as used herein is intended to mean those preparation 

solutions which would have a differing calibration value, e.g., pH, from the desired 
calibration value, e.g., pH, if they were measured in a blood gas analyzer. 

The term "gassing" a calibration solution to a desired calibration point is 
intended to mean exposing the aqueous buffer solution in a pre-determined 

2B gaseous atmosphere under conditions of controlled temperature and measured 
barometric pressure for a sufficient time to achieve a desired calibration point, 
e.g., a desired pH, pOj or pCOg calibration value. In preferred embodiments of 
the invention gaseous atmospheres of nominal 8.3% COj, 8.3% Oj, and 83.4% 
or 2.8% COg, 21% Oj and 76.2% Nj are provided, i.e., based on actual tank 

30 analysis of the gases and use in a sealed caUbration and hydration chamber where 
there is no difference between the gaseous atmosphere in the chamber and in the 
tank. Further, It will be recognized by those skilled in the art that other inert 
gases, e.g., argon, can be readUy substituted for nitrogen in the mixture of COj 
and 

35 The term "calibration point" is intended to mean a pre-determined value for 

pH, PO2 or pCOj that is desirable for calibrating a sensor component and 
monitoring instrument of a blood gas catheter. 
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A "defective" preparatioa solution means an aqueous buffer solution 
resulting from contamination of the solution with ionic species shifting the 
Chemical equilibria, e.g., during ETO or other chemical or gaseous sterilization 
procedures, or by evf^orative loss of water. 

Evaporative loss of water from the aqueous buffer solution of the invention 
can occur In at least two ways: during storage of the solution at room 
temperature, and/or during incubation of the solution in a dry gas stream as the 
sensor component is hydrated and calibrated. Evaporation can cause changes in 
ion concentration which can cause changes with time in pOg, pCOj. or pH 
measured in the solution by a BGA. These errors caused by evaporative loss are 
compounded by individual variations between different paclcages of caKbration 
solution (or hydration fluid) stored for the same period of time at room 
temperature. In addition, slight variations in temperature and gas flow rates 
dm^ing the calibration procedure result in individual variations in electrolyte 
concentration in the calibration solutions used to hydrate and calibrate different 
individual sensors. Thus, measurements of the absolute values of a "defective" 
caHbration solution in a BGA would suggest that such a solution is hot suitable for 
calibrating the sensor component and monitoring instrumentation of a Wood gas 
catheter, and would lead one to beUeye that extreme efforts must be made to 
control evaporative loss, and to standardize the individual variations between 
different sensor components and different packages of preparation solution. 
Fortunately, tiiis has not been found to be the case if the preparation solution 
contains a predominant anion. 

It has been found that calibration errors due to evaporative loss in the 
calibration solution that resulted in measurable changes in the pH of the 
calibration solution (i.e.. when measured in a blood gas analyzer, BGA) were 
compensated for when calibrating the sensor component of blood gas catheter, by 
the inclusion of a predominant anion (preferably chloride, because this anion is not 
measured by the sensor in blood) as part of the chemical composition of 
calibration solutions described above. Further it was found that calibrating the 
sensor component and monitoring instrumentation against a -defective" solution 
gassed to two different calibration points was effective in calibrating the sensor 
component for use in blood. Thus, the absolute properties of the preparation 
solution of the invention (as measured in a BGA) did not influence the calibration 
of the sensor component and monitoring instrumentation and it was possible to 
ignore the absolute values of the solution as measured in a BGA. The instant 
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invention thus eliminates the need for a BGA to confirm the physical properties of 

a calibration solution. 

The results presented in the Experimental Examples (below) show that 
increasing the concentration of the electrolytes in the callbration/hydration 
solution (i.e., to create an artificially "defective" hydration buffer) followed by 
gassing to achieve two different pre-determined pH calibration points (pH 7.2 and 
pH 7.6) significantly increased the absolute pH of the solution measured in the 
BGA. As the concentration of electrolytes was increased by 50%, more than a 0.2 
unit pH change was observed. e.g., from a pre-determined value of pH 7.2 up to a 
value of pH 7.4. The magnitude of the pH change observed in these studies was 
sufficient to suggest that a sensor calibrated in such a defective calibration 
solution could not be used to monitor pH in a patient where changes of 0.04 pH 
units may -be highly significant (i.e., if foUowing a consistent pattern of pH 
change). 

Unexpectedly, the results show that sensors calibrated in such defective 
calibration/hydration solutions that had been driven by gassing to two different 
calibration points, were properly calibrated when using a calibration solution 
prepared in accordance with the present invention. The preparation solution of 
the invention tolerates physical changes (e,g., evaporation) in the buffer 
concentrations without introducing significant errors in subsequent measurements 
of pH, pCOj and pOj by a sensor component and monitoring instrument calibrated 
in the solution. While greater scatter was observed in the error values, the values 
were still within an acceptable range for use in patient monitoring. For example, 
when a sensor was hydrated and calibrated in buffer prepared to mimic 5096 
evaporative loss, the pH measurements and error of the sensor were still within 
acceptable limits. After further experimentation (described below), it appears 
that the basis for this fortunate result resides in the inclusion of a predominant 
anion (e.g., chloride anion) in the calibration/hydration solution. Apparently, as 
the buffer concentration increases (e.g., during evaporative loss), the increasing 
predominant anion concentration (e.g., chloride) tends to decrease the pH 
measured by the sensor at the same time that the change in the chemical 
equilibrium of the phosphate and bicarbonate buffer constituents are tending to 
increase these values. The BGA measures such changes, but inclusion of the 
predominant anion in the solution allows the sensor component and monitoring 
instrumentation of the blood gas catheter to compensate for the changes. Thus, 
the result of these opposing processes is a net change near zero as measured by 
the blood gas catheter. The present calibrationAiydration solutions and methods 
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allow acceptable hydration and calibration of a blood gas sensor component, e.g., 
evaporative changes, and whUe chloride ion is the anion in a preferred 
embodiment above, it is believed that other anions to which the probes are 
sensitive will also be useful, and these will vary with the predominant anion in the 
sample being analyzed by the blood gas catheter. As indicated above, the choice 
of the anion for use in the preparation solution will require that the anion not be 
one that will be measured by the sensor, and that the anion be a predominant 
anion in the solution where the measurements are to be made. 


10 Exoerimental Examples ; 

To assess the potential magnitudes of the calibration errors and their effect, 
on pH, pOj. and pCOg measurements of bicarbonate-phosphate-chloride buffer, 
compositions were prepared (as above) at pH 7.2 and pH 7.6 and termed NBBl. 
The pH 7.2 set of buffers was prepared to mimic a pH 7.2 calibration buffer, but 

15 at 0.9, 1.0, 1.1, 1.2, 1.3, and 1.5 times (i.e., 0.9X, l.OX, etc.) the normal 
concentration of aU components, respectively. The pH 7.6 set of buffers was 
prepared to mimic a pH 7.6 calibration buffer at the same 0.9X-1.5X 
concentrations. For pH measurements, each buffer was tested with eight blood 
gas catheter sensor components precalibrated using solutions in which the physical 

?.n properties were confirmed by testing with a BGA. The solutions were thus BGA- 
pre-calibrated at either pH 7.2 or pH 7.6, i.e.. l.OX NBBl, pH7.2 or l.OX NBBl, 
pH 7.6, respectively. For these studies, each different buffer composition was 
placed in a separate multiple probe equilibration vessel (MPEV). For the set of 
NBBl, pH 7.2 buffers, the MPEVs were flushed under controUed atmospheric 

2^ press^e {i.e., to gas the calibration solution to the desired calibration point) with 
a gas mixture of nominal 8.3% COg, 8.3% Oj. and 83.4% Ng, and for the set of 
NBBl, pH 7.6 buffers, the MPEVs were flushed with a mixture consisting of 
nominal 2.8% COg, 21% Og, and 76.2% Nj. A transfer block containing the eight 
precaUbrated probes was moved between the different MPEVs, allowing 

30 approximately 30 minutes for equUibration in each vessel prior to beginning 
measurements. The measurements were then taken over a period of 20 minutes 
(allowing for the probe to respond to the new environment) and the average value, 
standard deviation, and range of values determined. Samples were also removed 
from the MPEVs and the absolute physical properties were determined by analysis 

35 in a EGA. 

The results presented in FIGURE 7 (for the pH 7.2 set of buffers) and 
FIGURE 8 (for NBBl, pH 7.6 set of buffers) show that as the concentration of all 
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the constituents In NBBl increased (i.e., from 0.9X to 1.5X NBBl), there was a 
corresponding significant increase in the apparent pH measured by the EGA with 
more than a 0.2 pH unit increase (FIGURE 7) and 0.1 unit increase (FIGURE 8) 
being observed from l.OX to 1.5X NBBl. 

5 This magnitude of error in pH is unacceptable for use in a blood gas pH 

catheter because a variation of 0.1 units in blood pH could indicate a highly 
significant underlying change in a patient's physiological status; particularly if 
following a general downward or upward trend with time. Thus, if buffer 
concentration were the only physical change affecting pH calibration of the 

10 sensor, the above-described phosphate-carbonate buffer would appear to be of 
limited value as a calibration solution if evaporative loss could not be carefully 
controlled during all phases of preparation, packaging, and use of the solution. 

However, in contrast to expectations, when sensor components calibrated in 
l.OX NBBl, pH7.2 or pH7.6 were placed in 0.9X to 1.5X NBBl solutions, the 

15 sensors recorded a pH of approximately 7.2, irrespective of the ionic composition 
• of the buffer. The error recorded by the sensors (i.e., the value recorded by the 
sensor - the BGA measured value = error) in these experiments is presented in 
FIGURE 9, which summarizes the cumulative values recorded in the error 
measurements for the NBBl, pH 7.2 and NBBl, pH 7.6 sets of buffers as a function 

20 of NBBl concentration. 

To determine the effects of evaporative loss on pOg and pCOg 
measurements, additional values were recorded in the same experiment (above). 
The results presented in FIGURES 10 and 11 show the values recorded for the 
error measurements of pCOg and pOg at 0.9X-1.5X NBBl, respectively. 

25 Surprisingly, the changes in buffer concentrations of the calibration solutions 

also did not significantly alter the sensor measurement of pC02 and pOj measure- 
ments. The error in pCOg was less than 3 torr up to 1.3X NBBl. While greater 
scatter in the error values was recorded at 1.5X NBBl, the error was still less 
than 5 torr and within an acceptable range of variation for use in patient 

30 monitoring (FIGURE 11). Similarly, error values for pOj were less than 4 torr and 
within acceptable Umits. Since it is Icnown that the partial pressure of a gas in a 
liquid is a complex function of at least electrolyte concentration and number of 
cations and anions (see the Nernst equation) and temperature, atmospheric 
pressure, molecular mass of the gas (see Charles/Gay-Lussac Law) it was 

35 considered highly fortunate that the solution chemistry of the calibration solution 
(i.e., presence of a predominant anion, two cations, and a mixed phosphate 
carbonate buffer system) as it interacts with the chemistry of the sensor allows 
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sufficient flexibiUty to encompass use of calibration solutions that may have 
undergone changes due to evaporative loss (e.g., during calibration or storage). 

Whae these experimental results suggested that changes in calibration 
solutions might affect the measurements of pH by a BGA, it was not clear how 
ignoring BGA-calibration and using a potentially "defective" calibration solution 
for hydrating and calibrating a sensor might affect the subsequent readings 
recorded by the sensor. Therefore, a study was conducted to determine how 
hydrating a sensor and then precalibrating it in a, "defective" l.OX, I.IX, 1.25X, or 
i.SX NBBl solution might affect subsequent measurements recorded by the sensor 
in a proper (NBBl, pH7.6 or NBBl, pH7.2; BGA pre-eonflrmed calibrated 
solution). For this study, several sensor probes in a transfer bloclc were properly 
hydrated for 7-30 days in the concentrated ("defective") NBBl solutions, and then 
precalibrated In the same "defective" solution before testing for pH error (as 
described above) by moving the probes between two different MPEVs, the first 
containing a BGA-conTurmed calibrated solution of l.OX NBBl, pH 7.2 and in 
nominal 8.3% COg, 8.3% Oj with 83.4% Ng, and the second containing the BGA- 
confirmed calibration solution of l.OX NBBl, pH 7.6 and in nominal 2.8% COj, 
21% ©2 and 76.2% Nj. The results presented in Table 1 show that sensors 
hydrated and precalibrated in "defective" solutions will stUl perform within 
acceptable limits for errors in measuring pH, p02 or PCO2: 
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TABLE 1 

The Effect of Hydration Buffer Composition on the Subsequent 
Error Recorded in pH, pOj and pCOg Measurements. 


NBBl 
Hydration 
Buffer 

1.0X 
I.IX 
1.25X 
1.5X 


Mean pH Error Recorded* 
pH 7.6 pH 7.2 


0.004 ± 0.005 
0.009 ± 0.005 
0.011 ± 0.004 
0.02 ± 0.009 


0.005 ± 0.005 
0.007 ± 0.008 
0.009 ± 0.008 
0.024 ± 0.008 


Mean p02 Error Recorded* 


l.OX 
1.1X 
1.25X 
1.5X 


-0.932 ± 1.977 
-0.74 ± 1.78 
-0.126 ± 1.71 
-0.8 ± 1.62 


N.D. 
N.D. 
N.D. 
N.D. 


Mean PCO2 Error Recorded* 


l.OX 
I.IX 
1.25X 
1.15X 


-0.559 ± 0.133 
-0.45 ± 0.59 
-0.564 ± 0.542 
-0.26 ± 0.5 


0.555 ± 0.77 
1.15 ± 1.26 
1.18 ± 0.91 
-0.27 ± 0.76 


*Frror mean + Standard derivation, recorded in NBBl, l.OX at pH 7.6 or pH 7.2; 
pH er^or in^pH un^^^^^^^^ and ^c6^ error in torr; N.D. - not determined in this 
experiment. 

These results suggest an apparent laclc of dependence of the probes upon the 
buffer compositions used for hydration and precalibration in this experiment. 
Thus, overall the results indicate that a sensor probe calibrated by ignoring the 
absolute pH value of the solution (i.e., as it might be determined in a EGA) does 
not result in an improperly calibrated sensor component and monitoring 
instrumentation. The results presented in Table 1 also show that the pOj and 
PCO2 measurements in this experiment were fortunately independent of the 
concentration of NBBl used in the hydration and calibration buffers for the sensor 
probes, i.e., ignoring the BGA values for the calibration solution did not exert an 
effect on the values recorded by the sensor for PO2 or PCO2. 

Considering the unexpected nature of the findings, additional studies were 
conducted to evaluate the possible solution chemistry responsible for the effect. 
The calibration/hydration solution was formulated to have a chloride ion 
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concentration similar to the physiological milieu in blood, i.e., 105 miUimolar, 
above, and an osmolaUty simUar to blood, i.e., approximately 300 milliosmoles. 
To investigate the solution chemistry responsible for the effects on the sensor 
membrane, additional amounts of each constituent in l.OX NBBl were added to 
each of a large series of test buffers, e,g., test buffers with additional sodium 
chloride, bicarbonate, or phosphate. As a positive control for the pH error 
observed previously (above. FIGURE 9), a buffer was also prepared with additional 
amounts of all the constituents in NBBl (i.e., simUar to the I.IX - 1.5X NBBl, 
above). The magnitude of the pH error (or pOj or pCOj error) contributed by 
each additional millimole of anion (or NBBl) was determined using a sensor 
precalibrated in a BGA-confirmed caUbration solutions of 1.0X NBBl, pH 7.6 or 
pH 7.2 (as above). 

The results presented in Table 2 show that each additional millimole of 
chloride ions caused a change in pH measurement of -0.00266/millimole, compared 

15 with a pH change of -0.00028/millimole of all the negative ions in NBBl (i.e., 
there are approximately 10 species of negative ions generated by the chemical 
constituents of the calibration solution). Thus, the pH change caused by each 
miUimole of chloride was approximately 10-fold greater than that caused by each 
miUimole of all the other negative anions in NBBlj chloride caused nearly 4 times 

20 more pH change per millimole than any other single anionic constituent (i.e., 
phosphate or bicarbonate); and, no other single constituent in NBBl contributed as 
sigmf icantly to the observed pH change in sensor measurements as chloride. 
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Table 2 

The Effect of Each Additional Millimole of Negative Ions 
Contributed by the Buffer Constituents on the Change Recorded in 
pH, pOj and pCOj Measurements. 


5 

Buffer 
Constituent 


Mean Change Recorded/ 
Millimole Negative Ions* 
pC02^ 

pOj*^ 


NBBl (All)** 

-0.00028 ± .00027 

.00 ± .00 

.00 ± .00 


Chloride 

-0.00266 ± .00032 

.00 ± .02 

.00 ± .06 

10 

Bicarbonate 

-0.00023 ± .00005 

-0.02 ± .01 

-0.00 ± .01 


Phosphate 

-0.00067 ±.00110 

0.00 ± .06 

0.01 ± .07 


♦Change, mean ± standard deviation, recorded in l.OX NBBl at pH 7.6 or 7.2 and 
mean calculated for the cumulative results; ^ , nv MRm. 

1 R a. pH, pH units of change per millimole of constituent added l.OX NBBl, 

b. pol and pCOo, torr units of change per miUimole of constituent added to 
1 Ox NBBl* 

c. NBBl (All), total mean change calculated per each mUlimole of negative ions 
added to l.OX NBBl. 

20 Thus, the results in Table 2 suggest that increasing chloride anion concentration in 
a calibration buffer can decrease the apparent pH recorded by the probe sensor, 
m contrast, .the previous results presented in FIGURES 7 and 8 show that 
increasing the concentration of all the constituents in the calibration buffer 
causes an apparent increase in pH recorded by the probe sensor. The net effect of 

25 the increase (FIGURES 7 and 8) and decrease (Table 2) in pH apparently cancels 
each other out and leads to the surprising properties of the calibration solution 
shown in results presented in Table 1. 

Unexpectedly, it was found in other studies that ETO sterilization of a foil- 
wrapped container of preparation solution created contaminants which could 

.30 potentially alter the pH of such a preparation solution. In particular, it was found 
that ETO reacted with HjO and NaCl forming ethylene chlorohydrin and NaOH. 
The sodium hydroxide generated in this manner can potentially shift the pH of a 
calibration solution toward a more basic pH. High barrier overwrap packaging was 
particularly prone to this potential error because the enclosure retained the ETO 

35 rather than letting it de-gas into the atmosphere. Fortunately, the preparation 
solution of the invention is a rather strong buffer which tolerates contaminants 
produced in the sterilization process. The preferred embodiment detailed in the 
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composition, above, aUowed commereial ETO sterilization with only a shift of 
0.015 to 0.025 pH units. The composition of preparation solution of the invention 
allows this favorable result. The use of halogens other than chloride, or of 
nonbuf fared solutions, or less weU buffered solutions would allow contaminants to 
5 form in the preparation solution which could be deleterious to the sensor 
component of the blood gas catheter. 

Other methods for hydrating and calibrating a sensor membrane of a fiber 
optic catheter in a controUed atmosphere are anticipated using the aqueous buffer 
solution containuig a predominant chloride anion which is an aspect of the 

10 invention, e.g., in a sealed chamber, envelope or packaging device. It will also be 
recognized that creating a constant gaseous environment for storage and 
incubation purposes is not necessary if the delivery device itself is gas- 
impermeable and contains the constant gaseous environment for calibration. 

In a preferred embodiment the gaseous aitmosphere for "gassing" the 

15 calibration to two desired calibration points are gas mixture of nominal 8.3% COg, 
8.3% Og, and 83.4% Ng, for a desired pH approximating a desired pH value of 7.2, 
and nominal 2.8% COj, 21% O^, and 76.2% for approximating a desired pH 
value of pH 7.6. It is desirable that the COj and in these respective gases be 
controUed within a range of +/- 0.03%. It is also desirable that the barometric 

20 pressure within the equilibration chamber (e.g., an MPEV) be maintained within a 
measured range of barometric pressure, since pressure controls the volume of a 
gas and the partial pressure of gas in a liquid. In another preferred embodiment it 
is desirable that the barometric pressure in the equilibration chamber be 
controUed over +/- 4 torr during the calibration period. 

25 The aqueous buffer solution which is an aspect of the invention anticipates 

buffering composition with differing amounts of potassium and sodium phosphate 
and sodium bicarbonate sufficient to achieve a desired pH range in the caHbration 
solution after gassing to achieve a desired calibration point. 

Those sldUed in the art wIU recognize that gassing the solution of the 

30 invention with a gas mixture containing COj drives the equilibrium toward 
dissociation of dibasic sodium phosphate with formation of monobasic sodium 
phosphate and sodium bicarbonate: i.e., the greater the COg concentration the 
lower the pH of the solution. It wUI also be apparent that the preparation solution 
of the invention has amounts of sodium and potassium phosphate, and sodium 

35 bicarbonate sufficient to provide buffering capacity to compensate for 
contaminants, e.g., ETO sterUization residuals (above), which could potentially 
influence the pH of the solution either during steriUzation or storage in polymeric 
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containers, e.g., polycarbonate or polyvinyl packages, which may "leach" ionic 
contaminants into the solution during storage. Those skilled in the art will 
recognize that if the amounts of sodium phosphate, potassium phosphate, and 
sodium bicarbonate in the preparation solution of the invention required to 
5 achieve a desired calibration point within a desired range of pH values in a 
gaseous atmosphere containing at least Og and CO2 is readily determined 
empirically, e.g., by preparing, packaging, sterilizing, and storing a test solution 
and monitoring the performance of the solution in calibrating sensor components 
and monitoring instruments in a manner similar to that described above. The 

10 inclusion of a predominant anion in these calibration solutions (i.e-, chloride 
anion), provides anionic compensation for the sensor membrane during hydration 
and calibration. In a preferred example, the buffer as initiaUy prepared has a pH 
of approximately 7.3-7.4 so that a sensor probe stored in the buffer wiU not be 
affected in a deleterious manner by pH, and a controlled gaseous atmosphere is 

15 then used in gassing the calibration to desired calibration points of approximately 
- pH 7.2 and 7.6, i.e., in a solution which has not been affected by evaporative loss 
or contaminants. In other embodiments the calibration solution and process of 
calibrating the sensor component and monitoring instrumentation as provided by 
the invention offers other calibration points (e.g., of different pH, pOgf pCOg, 

;?0 etc.) such as will be readily recognized by those skilled in the art to be achieved 
by theoretical and empirical (e.g., experimental) means. 

While preferred embodiments of the invention have been illustrated and 
described, it will be appreciated that various changes can be made herein without 
departing from the spirit and scope of the invention. 
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CLAIMS: 

The embodiments of the invention in which an exclusive property or privilege is 
claimed are defined as follows: 

1. A method of hydrating a sensor componsit monbiane of a IBber-optic 
catheter useful for measuring at least one analyte other than chloride in a physiological 

5 milieu to d^ermine pH, pOz, or pCOj in said physiological miUeu, comprising contacting 
the sensor membrane with an aqueous buffer solution containing chloride at a level 
substantially equal to Uie level found in said physiological milieu, for a period of time 
suffident to hydrate flie sensor membrane and prevent an ionic gradient across tiie sensor 
component membrane when tiie sensor component membrane is used in said physiological 

10 milieu. , 

2. The method of Claim 1, wherdn the buffer solution comprises bicarbonate 
and phosphate ions. 

3. The metiiod of Claim 1, whetdn flie buffer solution consists essentially of: 

15 0.916 g/l potasaum phosphate, 

3.007 g/1 sodium phosphate, 
6.136 g/1 sodium chloride, and 
1.848 g/1 sodium bicarbonate, in aqueous solution. 

4. A metiiod of caUbrating a sensor component and monitoring instiiimentation 
20 of a fiber optic caflieter useful for measuring at least one analyte otiier tiian chloride in a 

physiological milieu comprising the steps of: 

contacting tiie sensor component witii an aqueous buffer solution containing 
chloride at a level substantially equal to tiie level found in said physiological milieu, for a 
period of time sufficient to hydrate said sensor membrane 
25 exposing tiie aqueous buffer solution to a controlled gaseous atinosphere to achieve 

a desired calibration point; and, 

contacting tiie sensor component witii flie aqueous buffer solution at flie desired 

calibration point. 

5. The metiiod of Claim 4, wherein flie desired calibration point is pH 7.2 or 
30 pH7.6. 


SUBSTITUTE 


BNSDCDCID: <WO 9303362A1_I_> 


wo 93/03362 PCT/US92/06755 

-27- 


.6. The method of Claim 4, wherdn the desired gaseous atmosphere comprises 
CO2, O2 and N2. 

7. The method of Claim 6, wherein the desired gaseous atmosphere comprises 
8.3% CO2, 8.3% O2 and 83.4% N2. 

5 8. The method of Claim 6, wherein the desired gaseous atmosphere comprises 

2.8% CO2 , 21 % O2 and 76.2% N2. 

9. A kit for hydrating a sensor membrane of a fiber-optic catheter useful for 
measuring at least one analyte other than chloride in a physiological milieu, to determine 
pH, p02, or PCO2 in said physiological milieu, comprising: 
10 a sensor membrane of a fiber optic catheter; 

an aqueous buffer solution containing chloride at a level substantially equal to the 
level found in said physiological milieu; and 

instructions for calibrating the sensor membrane using the aqueous buffer solution 
according to the method of Claim 4. 
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